Background and Purpose-Low socioeconomic status is associated with increased incidence of stroke. This study investigated stroke incidence, recurrence, and case-fatality after stroke among middle-aged Swedish men and women and whether this association differs by gender or stroke subtype. Methods-A total of 69 625 (49% men) citizens, aged 40 to 65 years, living in the city of Malmö in 1990 were studied in relation to total annual income and occupation class, ie, 2 indicators of socioeconomic status. Incidence of first-ever stroke, stroke recurrence, and case-fatality (death within 28 days or 1 year after stroke) were studied over 10 years of follow-up. Results-During the follow-up, a total of 1648 subjects developed a first-ever stroke of whom 275 also experienced a recurrent stroke. By using Cox regression model with covariate adjustments, the incidence of stroke was significantly increased (relative risk: 1.75, 95% CI:1.36 to 2.25) in women who were in the lowest quartile of income compared with the women being in the highest quartile. Corresponding relative risk in men was 1.29 (1.06 to 1.58). Both in men and women, income was significantly associated with ischemic, but not hemorrhagic, subtypes of stroke. Similar relationships were observed between occupation level and incidence of stroke. In addition, low income was associated with higher 28-day and 1-year fatality rates in men (relative risk: 3.13, 1.35 to 7.24 and 2.17, 1.18 to 4.00, respectively), but not in women. In contrast, recurrence of stroke was inversely associated with income only in women. Conclusions-Incidence of stroke, stroke recurrence, and case-fatality increased with decreasing socioeconomic status; however, this relationship differed by gender and subtype of events.
T
here is an increasing trend in current years to explore the association between the risk of stroke and socioeconomic status (SES). [1] [2] [3] [4] It has been documented by the majority of studies that there is an inverse association between stroke incidence/mortality and socioeconomic status, [1] [2] [3] [4] ie, lower SES is associated with a higher risk of stroke.
However, not much is known about stroke recurrence and socioeconomic position. 5 It is unclear whether the effects of SES on the risk of stroke differs between men and women 4, 6, 7 or whether this association varies by subtype of events. 8, 9 The aim of this study was to explore the incidence of first-ever stroke, recurrent stroke, and case-fatality rates in relation to SES as measured by total annual income and occupation class, and whether the relationship differs by gender or by subtype of events. The study was conducted in a large urban population of middle-aged Swedish men and women.
Methods

Study Population
Information about all men and women who were 40 to 65 years and living in the city of Malmö in 1990 was retrieved from the Population Census Data 10 from 1990 (34 031 men and 35 594 women). This population was followed from November 1, 1990 , until January 31, 2001 , by record linkage with national population registers 11 and the stroke register in Malmö (STROMA). 12 The Lund University Ethics Committee approved the study.
STROMA
STROMA was established in 1989. 12 Malmö residents, who have had a stroke, whether hospitalized or nonhospitalized, have been registered in STROMA. A specialized nurse from the Stroke Register systematically searched for and validated the patients with stroke symptoms at the University Hospital of Malmö, which is the only hospital with inpatient care facilities in this city. Primary care and nursing homes work in collaboration with the University Hospital.
Patients who present at those healthcare facilities with symptoms of stroke are routinely referred to the hospital for further examination and captured through systematic search of medical records. The research nurse together with a senior physician obtained complete case ascertainment by going through medical records and in most cases also through a patient interview. The ascertainment of cases and validity of STROMA has been shown to be high. 13 Stroke was defined as rapid developing clinical signs of local or global loss of cerebral function that lasted for Ͼ24 hours or led to death within 24 hours. Subtypes of stroke were coded according to the International Classification of Diseases, 9th Revision. The events were classified as cerebral infarction (ischemic; International Classification of Diseases 434), intracerebral hemorrhage (International Classification of Diseases 431), and subarachnoid hemorrhage (International Classification of Diseases 430). By definition, patients with transient ischemic attacks were excluded. The diagnosis of stroke or subtype classification was verified by CT scan, autopsy, or lumbar puncture. Stroke was classified as unspecified event (International Classification of Diseases 436) if no CT or autopsy was performed.
A recurrent stroke was defined as if more than one stroke event occurred during follow-up. Case-fatality was defined as death within 28 days after onset of stroke or death within 1 year. The data were ascertained by verifying with the National Register of Cause of Death. 11
Follow-Up
Each individual was followed from November 1, 1990, until firstever stoke event, death, or January 31, 2000, whichever came first. Case-fatality and stroke recurrence were followed until December 31, 2001, in subjects with a first-ever stroke. Individuals who moved from the city were censored at the date of emigration.
Socioeconomic Status
Information on marital status, country of birth, housing conditions, and total annual income (in 1990) was designed in the questionnaire of the National Census. 10 The National Swedish Census investigation is a total register of the Swedish population in November 1, 1990 . 10 This database consists of information from a mailed questionnaire and data from other population registers. The response rate of the questionnaire was 97.5%. Marital status was categorized as those who were married and those who were not (ie, unmarried, divorced, or widowed). Housing conditions were grouped into self-owned home (house or apartment) or rented apartment. Country of birth was classified as those born in Sweden or in other countries.
For each individual, the total annual income and occupation class were used to measure the SES. Information about total annual income (in Swedish Crowns) was available for all subjects and categorized into gender-specific quartiles in the analysis. Occupational status, assessed by answers to questions concerning job titles and work tasks, formed the basis for classification into socioeconomic index groups according to methods used by the National Bureau of Statistics Sweden. 14 This classification system takes into account the educational background needed to qualify for a particular job. In this study, the different socioeconomic index categories were high-level nonmanual workers, medium-level nonmanual workers, low-level nonmanual workers, skilled manual workers, unskilled manual workers. Enterprisers and farmers (ie, professionals with and without employees) were categorized as self-employed and subjects who were early retied, unemployed, and so on, as others. 15 Information on occupation was available in 53 549 subjects (76.9%).
Statistical Analyses
Gender-specific baseline characteristics are presented by mean values or as proportions. Cox regression model was used to assess the associations between SES and stroke incidence, subtype, recurrence, and case-fatality. Due to difficulties in ranking subjects classified as self-employed or "others" in relation to other socioeconomic index groups, no formal trend analysis of occupational status in relation to different outcome was performed. Initial models were adjusted for age. Then, the variables of marital status, country of birth, and housing conditions were added in the model. Although the interaction between income and housing conditions was close, the housing conditions were still considered a confounding factor because it may be the case (particularly in women) that someone may have a low income but their whole economic conditions were not poor because of better income of their spouses.
All comparisons were 2-sided and a 5% level of significance was used. The statistical analyses were conducted by the computer software SPSS (14.0).
Results
Baseline characteristics for men and women, respectively, are presented in Table 1 . Men had higher annual income and occupational levels than women.
Incidence of Stroke in Relation to Socioeconomic Status
During a mean follow-up of 8.9Ϯ2.7 years (621 143 personyears), 1029 men and 619 women developed a first-ever stroke. The age (years) at onset of stroke was 62.6Ϯ6.8 in men and 62.8Ϯ7.3 in women.
In both men and women, the incidence of stroke increased with decreasing annual income ( Table 2 ). In men, the age-adjusted relative risk (RR) in those who were in the lowest quartile of income was significantly higher than those in the highest quartile (RR:1.37, 95% CI: 1.14 to 1.64). Compared with men with high-level nonmanual occupations, the RR increase for men categorized as "others" (ie, early retired or unemployed) was 1.62 (95% CI: 1.16 to 2.28). These relationships remained after further adjustments for age, marital status, housing conditions, and country of birth. In women, the relationship between SES and incidence of stroke were even stronger ( Table 2) .
Subtype of Stroke in Relation to Socioeconomic Status
Among those who experienced a first-ever stroke (nϭ1648), 1301 (79%) were classified as ischemic infarction, 205 (12.4%) as cerebral hemorrhage, and 92 (5.6%) as subarachnoid hemorrhage. The remaining 50 cases (3.0%) were unspecified. Because of the limited number of stroke events with subarachnoid or unspecified origin, the analyses were only performed in ischemic and intracerebral hemorrhagic subtypes.
In both genders, the adjusted risk of ischemic subtype was significantly and inversely associated with annual income (Table 3) . This relationship was, although based on fewer events, even stronger in women. No significant associations were observed between hemorrhagic subtype and SES. Men whose occupation was classified as "skilled manual workers" or as "others" had a significant increased risk for hemorrhagic subtype (RR :2.31, 95% CI: 1.01 to 5.43 and 2.89, 1.02 to 8.81, respectively).
Case-Fatality in Relation to Socioeconomic Status
Among stroke cases, 112 (6.8%) died within 28 days after the event and 195 (11.8%) died within 1 year. Case-fatality had remarkable relations with annual income but not with occupation class (data not shown). Among men, there was a significant increasing risk for 28-day fatality with decreasing income (probability value for trendϭ0.01; Table 4 ). However, this inverse association was not found in women. A similar result was revealed when 1-year fatality was examined (Table 4) .
Recurrent Events in Relation to Socioeconomic Status
The stroke recurrence rate was 16.7% (183 men and 92 women) at the end of follow-up. In women, the risk of 
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recurrent stroke, after adjustment of covariates, increased significantly in line with a decreased annual income (probability value for trendϭ0.02; Table 5 ). For men, no apparent relation was found.
Discussion
As shown in other population-based studies, [1] [2] [3] [4] incidence of stroke and case-fatality rates increased with decreasing SES, being the highest among individuals with low annual income or with manual work conditions, but also among those being early retired or unemployed. However, the effects of SES on stroke differed by gender. The 28-day and 1-year case-fatality rates, respectively, increased linearly with a decreasing annual income in men. Such an association was not observed among women. On the other hand, the association between SES and incidence of stroke seemed to be somewhat stronger in women as compared with men. Little is known about stroke recurrence in relation to SES. The present study showed a significant relationship between income and stroke recurrence in women but not in men. Few previous studies have reported gender differences regarding the impact of SES on stroke and the results are inconsistent. 4, 6, 7 The results by Lisabeth et al 6 are in accordance with our findings. In that study, a significant strong association between ischemic stroke and neighborhood SES score was found in women but not in men. 6 However, a comparable gender-specific effect of socioeconomic index on the incidence of stroke was reported in a study from northern Sweden. 7 In addition to that, a Finnish study reported strong relationships between income and 28-day case-fatality rates after ischemic stroke among men, but the association was less striking in women. 16 The conflicting results may be attributable to several circumstances. Differences in study design may be one explanation such as sample size, age restriction, definition of SES, statistical approaches, and so on. Today, it is still debated whether there is a gender-related socioeconomic index on stroke. 17 Although there are no convincing explanations so far, it should be noticed that the gender differences are present in terms of clinical presentation, management, and outcome among patients with stroke. 18, 19 Presence of ischemic heart diseases and diabetes, conditions both related to SES, 20 are more commonly found among male than female patients with stroke. 18, 19 The high comorbidity rates associated with male patients with stroke may be one of the explanations for the strong association between short-and long-term case-fatality and SES. In addition, the findings from a large European study of hospital admissions for acute stroke indicate that the diagnostic procedures, including brain imaging, Doppler examination, echocardiogram and angiography, and aggressive therapy (eg, carotid endarterectomy) are less frequently performed in female than male patients. 18 It is unknown, however, whether such gender-specific differences exist in Sweden with its equalized structure of health care. Gender differences in personal characteristics and behaviors may also be related to attitudes to access to medical care system, awareness about the disease, or to differences in compliance of medical intervention and modification of unhealthy lifestyle. To our knowledge, only few studies have explored the effects of SES on subtypes of stroke. 3, 4, 8, 9 Our results, in line with previous reports, 3, 4 demonstrated that the inverse association between stroke and SES was mainly observed for ischemic subtype. In a Finnish study, it was reported that the age-standardized incidence and mortality of intracerebral hemorrhage was inversely related to income levels. 8 Similar results have been documented from the United States in which educational attainments were measured. 9 In the present study, no association was found between income and hemorrhagic stroke. However, men with skilled manual jobs or unemployed/retired had a higher risk of hemorrhagic subtype. The nonsignificant finding, particularly in women, may be explained by limited power due to low number of events.
The strength of this study lies in a large population-based setting with the ascertainment of all cases within a population defined by age and geographic region. A large number of stroke events were followed for a long period of time. The STROMA register has systematically and actively searched for patients with symptoms of stroke since 1989 in the city of Malmö. 12 All cases were validated by the same experienced research nurse. There is no reason to consider that biased case retrieval or validation of cases has confounded the results.
Some limitations are worth noting. The main limitation of the study is that no information was available to investigate the causal factors, which may contribute to stroke inequality by SES, eg, behavioral factors or health-related problems. 21, 22 It is generally noticed that stroke subjects with low SES have higher blood pressure, body mass index, and higher preva- lence of smoking, and so on. Adjustments for those factors would probably attenuate the observed association. However, a previous study from the Malmö Prevention Project has shown that SES is associated with stroke even after extensive adjustments of other risk factors. 23 The information on SES was collected only in the questionnaire in 1990. It is likely that the annual income in some individuals changed during the years of follow-up, especially among those who were earlier retied. In addition, lacking information on the prevalence of transient ischemic attack or subtype of ischemic stroke was another limitation of this study.
Summary
In this population-based study on middle-aged Swedish men and women, the risks of incident stroke, recurrence of stroke, and case-fatality increased with decreasing SES, being the highest among individuals with low annual income. However, the effects of SES on stroke differed by gender. The incidence of first-ever stroke, particularly ischemic subtype, and recurrent stroke increased with decreasing SES more strongly among women, whereas case-fatality showed a significant inverse association with SES among men only. Those findings may suggest that SES is a good proxy to identify the individuals at higher risk of stroke. Clinical preventive focus targeting those disadvantaged populations, hence, may reduce the high burden of stroke in the population.
